Abstract Patenting is often done in collaboration with other inventors to integrate complementary and additional knowledge. The paper takes a spatial view of this issue and analyses the distances between inventors of German patents. We compare the distances between invention teams of German patent applications from 1993-2006 and distinguish between academic and corporate teams and those consisting of researchers from both domains ('mixed teams'). Due to their different institutional backgrounds different types of proximity guide their spatial search for partners. The basic finding is that regional collaboration clearly prevails. However, the distance between collaborating inventors of corporate patents exceeds that of inventors of academic patents, but the largest distances can be found in science-industry collaborative patents. When excluding directly neighboured collaboration, which is likely to be in-house collaboration, the differences between academic and corporate teams vanish, but mixed teams still overcome longer distances.
Introduction
The institutional environment of researchers has an impact on collaborative R&D activities and the way knowledge flows. During the last 20 years many studies in economic geography have found a significant influence of the institutional background of researchers on innovation activities in different contexts. One important strand of literature deals with the impact of institutional characteristics on collaborative R&D and identified institutional proximity between research partners as a way to overcome geographical distance (Ponds et al. 2007) . In addition, studies discovered the institutional background of an invention to be influential on its fundamental characteristic (Trajtenberg et al. 1997 ) and stated that due to different reward systems in different institutions diverse and conflictive motivations shape knowledge production (Dasgupta and David 1994) . A strand of studies investigates the spatial consequences of the presence or absence of institutional proximity in R&D. Our paper adds to this literature by analysing patents stemming from an academic environment, a corporate environment and a combination of the two ('mixed teams') regarding the spatial sensitivity of the invention teams. We suppose the institutional background to be a characteristic influencing the distance between their members that invention teams are able to manage. Investigating space with respect to institutional contexts can help us to understand the preconditions of collaborative scientific research, especially when it comes to cross-institutional types like university-industry collaboration.
Many studies investigate the question of whether knowledge sources for inventions are more global than in the past due to improved communication possibilities and easier/ cheaper travelling. The large majority of these studies have formulated a similar message: knowledge is spatially bounded and inventions are mostly a product of regional partners. These results hold for studies on bibliometric data (Frenken et al. 2009; Hennemann et al. 2012; Hoekman et al. 2008 ) as well as patent data (Boufaden and Plunket 2008; Jaffe et al. 1993; Singh 2008) . The institutional differentiation of inventions in our paper offers more detailed information on whether invention teams have a different sensitivity to distance between their members due to the institutional context they invent in. We created a database of German patent applications based on collaborative inventions. The data set covers a time period from 1993 to 2006.
The remainder of the paper is structured as follows. The next section presents the theoretical discussion about the relationship between collaboration, institutional context, and space. It is the basis for the deduction of the paper's first hypothesis. Then follows the second hypothesis embodied in the literature about concepts and studies on innovation activities in an academic and/or corporate environment. ''Data'' presents our patent data set, the variables created for the econometric analyses and the descriptive statistics of the data set. ''Institutional differences in collaborative research: the results'' contains the regression results and discusses them before ''Conclusion''.
Theory

Collaboration, institutional context, and space
Conducting research in a world of increasing complexity and connectivity often means working in a team and crossing institutional and regional borders. This is reflected in studies about inventor collaboration that reveal a strong increase in co-patenting (Fleming and Frenken 2006; Fleming et al. 2003; Picci 2009; Wuchty et al. 2007 ) and co-publishing (Narin et al. 1991; Wagner and Leydesdorff 2005; Wagner-Doebler 2001) activities during the last 20 years. The importance of collaborative work in science is based upon institutional, cognitive and resource-related reasons. Firstly, due to an increasing number of scientific fields and subfields and thus a specialization of researchers, the combination of different cognitive resources became indispensible in order to conduct research on complex tasks. Secondly, because of political and administrative patterns resources became locally pooled and bounded (Ponds et al. 2007 ). In both cases collaboration is the only way to overcome the issue. Thirdly, collaborative research in the way of crossing national (e.g. within the EU) or institutional (e.g. university-industry) borders is publicly funded by political programmes (Cohen et al. 1998 ). However, even if institutional borders are crossed increasingly, the differences on some points between academic and corporate research are not only remarkable but sometimes also conflictive. Hence, a better understanding of the influence of the institutional background on collaborative teams is required. This is especially true of the influence on the distance sensitivity of different team types, because the need to overcome institutional distance is often accompanied by the need to overcome spatial distance, too. Thus, the success of inventor teams also depends on the sensitivity to distance. This necessitates a brief discussion about the different understandings of space in the literature in order to classify and link the theoretical approach developed in the paper at hand.
The literature about collaborative relationships can be distinguished into two different strands regarding space. The first studies the space in which collaborative relationships are embedded. Space has the function of a context and related concepts focus on the outside dimension of relationships. The understanding of space here is of an absolute kind, conditioning and guiding these relationships due to the distinct characteristics of the space itself. The idea of actors and their relationships shaping the space and not vice versa came up in the 1980s (e.g. Granovetter 1983 Granovetter , 1985 Aydalot 1986) . The social approach of that time was the starting point for conceptualizing geographical patterns as a determinant that is interrelated to other processes, e.g. social or cognitive ones. Space became a relative measure in two ways: its importance was conceptually linked to other factors in collaborative relationships and it was placed between and not around actors expressed in terms of proximity and distance. This understanding set up the second strand of literature covering concepts primarily focusing on the inside dimension of collaborative relationships. The most famous one is the idea of different types of proximity by Boschma (2005) . Among others (Breschi and Lissoni 2009; Howells 2002) Boschma dispossessed geography of an active role as a trigger of or a barrier to collaboration activities and gave it the role of a supporter or substitute in case other features in a relationship fail or remain underdeveloped. This relative understanding treats geographical patterns as dependent on other features of a cognitive, social, organizational, cultural or institutional kind (Boschma 2005) . The discussion shows, on the one hand, an inner dimension of collaborative relationships in which spatial patterns adopt an indirect role. On the other hand, these relationships are embedded in a spatial environment with distinct characteristics. The next paragraph conceives these characteristics as an organizational and institutional context determining collaborative relationships by reverting on literature on work groups.
If a collaborating team was successful, it apparently found a way to develop social, organizational and cognitive features in a way that enables them to devise an invention. Success can be measured by, for example, a patent application: the team is convinced to have invented something patentable. Regarding the literature on work groups and inventor networks the 'way of success' can differ from team to team, because it is determined by the complexity of the task itself (Gebert and von Rosenstiel 1996) and the institutional context of the team (Guzzo and Shea 1992; King 1996; Payne 1996) . As discussed above, the importance of space is relative to other characteristics in collaborative relationships. Hence, these characteristics determine the importance of space whereas in turn the task as well as the context conditions these characteristics. One can deduce now that the importance of space differs between teams of a different institutional context (see also Kirat and Lung 1999 or Picci 2009) or teams performing different tasks. According to Boschma (2005) , the importance of space is minimized when organizational, social or institutional proximity is high. This is proved by many studies testing for the success of distributed work teams. On the contrary, when organizational and social proximity are missing, and thus formal and informal agreements as well as trust, spatial proximity is required in order to compensate for these shortcomings. The theoretical discussion implies an influence of the institutional context on the spatial sensitivity of collaborative teams, because it affects the inner characteristics of collaborative relationships to which the importance of space is linked. In our paper we test for the relationship between institutional context and spatial proximity by measuring the geographical distance between the team members. We deduce the following hypothesis:
H1: If teams have a different institutional context, the spatial distance between the team members will differ.
In order to test for the institutional context, we have to control for the field of research that according to the theory is also deemed to be influential on collaborative relationships. The solution is a matching process of patents (see ''Dataset'') .
In the empirical part we distinguish between two types of patents regarding the institutional context: patents invented in an academic environment and patents invented in a corporate environment. We distinguish between these two types of institutions because the literature on innovation offers insights into academic and corporate environments, whereas other types of institutional contexts are almost unexplored. This lack of knowledge on further institutional contexts is the reason, why in the paper at hand, the only institutional distinction is between academia and corporations. In other countries, government labs exist more frequently than in Germany, and one could also distinguish independent non-profit labs, public and private companies and so on. Later work could tackle the task of other distinctions.
Proximity and distance in academic and corporate research
The following section introduces the similarities and differences between academic and corporate research environments in order to deduce assumptions about the importance of and sensitivity to proximity in working groups inventing in these contexts.
Of course, the main interest of academic researchers as well as industrial researchers is to gather new knowledge. However, both the type of new knowledge and the way to operate with it are fundamentally different. We presume that these differences are the reason for the different levels of willingness and ability to overcome distance in collaborative activities. Regarding the type of knowledge, the academic environment focuses much more on basic research than corporate researchers, who more often conduct applied research (Cohen et al. 1998; Trajtenberg et al. 1997) . The motivation of firms to collaborate with academic researchers is often access to basic research (Cohen et al. 1998 ). It remains a task for academic research teams. Focusing on basic research as opposed to applied research has strong impacts on the characteristics of inventing teams. Payne (1996) described academic research teams as lasting much longer than corporate project teams because they do not depend on the strict temporal specifications of a client. Additionally, the membership in a research team is rather motivated by personal and career-related issues compared with that of a project team, whose personnel are exclusively assembled to solve a specific problem. Usually, project teams change after a project whereas research teams sometimes remain for up to a lifetime (Frost and Taylor 1996) .
The literature on collaborative teams revealed that the more complex and uncertain a task is, the more important personal patterns become, in the sense of social and communicative processes (Aronson et al. 2009; Arrow et al. 2000; Gebert and von Rosenstiel 1996) . This was confirmed in many studies on innovating teams. Eden et al. (2008) discovered that the more ambitious the aim of an inventor team is, the more likely a friend will be chosen as a partner. Regarding the performance of a team, Argyle (1991) found teams whose members are friends to be the most successful and long-lasting ones. Kraut et al. (1987, p. 53) identified personal relationships in academic teams as 'the glue that holds together the pieces of collaborative research effort'. Qualitative studies on academic teams revealed that long-lasting co-operation without an intensive and intact personal relationship never works out (Dutton et al. 1996; Hunt et al. 1996) . One can argue now that with a focus on basic research and thus complex tasks academic teams are more sensitive to distance than corporate teams. Space facilitates unintended meetings between individuals, which increases the likelihood of friendship (Aronson et al. 2009 ) and friendship between colleagues in turn is known to be a strong impetus for collaboration (Agrawal et al. 2006; Goerzen 2007; Hinings and Greenwood 1996; Li 2005) . To sum up the discussion, because of the focus on basic research and therefore tasks of a high level of complexity, academic teams are more sensitive to distance.
The second difference between academic and corporate teams is the way they operate with new knowledge. Dasgupta and David (1994) stated that the academic community is an opponent to the industrial research community regarding the purpose of the newly created knowledge. In an academic environment the success of a scientific result is reflected in how widely it is spread within a scientific community or even beyond. In order to support the dissemination process this new piece of knowledge has to satisfy certain norms, rules and standards developed over hundreds of years in scientific communities (Gittelman and Kogut 2003) following the aim always to be able to add new knowledge to the existing stock. This is supported by the fact that it is not always the ideas that are true that are successful but rather the ideas that satisfy these scientific standards. They appear to be 'interesting' because they can be assigned to the scientific system of knowledge (Davis 1971) . Hence, scientific knowledge does not have an overall appropriability to all research questions, because it is edited in a specific way and context to be relevant to a specific community. Gittelman and Kogut (2003) studied university-industry collaborations in order to find out whether firms that collaborate with research institutes perform better. Due to the described differences in the scientific community affecting the transferability of new knowledge between institutionally different partners, the biotech firms engaging in university-industry partnerships did not perform better. Obviously and as discussed above, it requires more than just a physical co-presence or a link between partners to benefit from new knowledge; it seems not to be 'in the air' (Marshall 1927, p. 284) , which brings us back to the importance of distinct and appropriate team characteristics being influenced by institutional patterns.
The industrial research environment as introduced above is rather focused on applied research. Working on distinct problems of products and processes for a customer has the primary aim of generating profit and leapfrogging competitors, both in order to remain competitive. That determines a high level of secrecy, restricted communication channels and thus well-chosen partners. According to the transaction cost theory of Williamson (1981) , highly specific and highly uncertain activities are integrated in a company. In addition to the tendency of knowledge closure, firms often create networks of their own subsidiaries and contractually bound partners in order to access specific knowledge and personnel but within impermeable channels. The institutional and organizational proximity created here between partners makes spatial proximity less important. In academia the organizational proximity and sometimes the institutional proximity become lost the moment a partner from outside is chosen. According to Boschma (2005) , this makes social and spatial proximity more important in order to substitute for the lack of common norms, rules and values organizational and institutional distance brings in collaborative relationships.
The discussion about the academic and corporate research environment revealed that due to their differentiating socio-economic structures (Ponds et al. 2007 ) a different sensitivity to distance between academic and corporate teams is to be expected. Regarding the direction of the institutional factor on space we deduce the following hypothesis:
The distance between members of a purely corporative research team exceeds the distance between members of a purely academic team.
Unfortunately, the question of whether university-industry collaborations form a distinct institutional environment is almost unexplored. Hence, we cannot deduce a hypothesis about mixed teams based on a theoretical discussion. Ponds et al. (2007) found these cross-institutional collaborations to require more spatial proximity because the institutional and organizational proximity is reduced. However, according to the literature on university-industry collaborations, it is also likely that firms collaborate with universities for strategic reasons like profiling themselves as a unit of high-quality research (Gittelman and Kogut 2003) , gaining access to highly qualified scientists in order to solve fundamental research questions (Cohen et al. 1998) or creating inter-organizational linkages with different R&D units in order to raise their external connectivity. These are deemed to increase the quality of innovations (Bathelt et al. 2004; Lahiri 2010) as well as the synergy and power effects (Hagedoorn et al. 2000) . Strategic partnerships implement rather larger distances because of strategically carefully chosen partners who are usually not available in the direct environment of a firm. Hewitt-Dundas (2012) found that the distance to the nearest university does not have an influence on local or non-local knowledge sourcing and a high density of universities in the firm environment is related to an increase in non-local knowledge sourcing. Thus, the distance of mixed teams is inconclusive up to now. We decided to create a group of patents invented by teams with an academic as well as an industrial background in our sample (mixed teams) to analyse in a rather inductive way the influence of an institutional factor of space on collaborating teams. The results are discussed in ''Institutional differences in collaborative research: the results''.
Data
Dataset
From earlier research we have a dataset containing all the patent applications of around 1,000 German professors with the priority country of Germany (it was manually checked that the professors really work/worked at a public university and are not honorary professors). The assignees of these patents were classified into three groups: university/ research institute, company (with or without a university as a second assignee) or the inventors themselves (unassigned patents). The time period of the whole sample covers the years 1993-2006 (due to a new postal-code system in 1993 older data were not included). In order to compare these academic patents with corporate patents, we manually searched for a matched company patent for each academic patent of this dataset. The matched patent-owned by a company-had to be in the same patent class and at the same time of application (see Trajtenberg et al. 1997 for a similar matching procedure). The patent class was matched by using the first patent class on the document of the academic patent (the finest level of classification). The term 'same time' refers to a priority date of the matched patent that is as close as possible to the priority date of the original patent. Because in some patent classes there are only a very few patents the deviation is in a few cases up to a year. The search was performed for 967 patent applications, chosen randomly from the original academic dataset.
Of course, the assignment of a patent does not ascertain that academics or corporate researchers definitely invented it. That information can only be gathered from the inventors itself. However, one can assume that patents with at least one professor as the inventor that are assigned to a university or research institution are likely to be the result of purely academic teamwork (type no. 1, see Table 1 ), while those belonging to a company are likely to be the result of science-industry collaboration (type no. 2). A short check of 20 type-1-patents on university homepages indeed revealed 17 to be purely academic. In the remaining three cases the co-inventor(s) of the professor could not be identified due to very widespread names. Ultimately, no corporate inventor could be identified. Type no. 3 is somehow data-driven; we do not know whether the inventor did not find an organization to file the patent for her or whether she wanted to own the patent, so we do not have a priori expectations about the distance between inventors of those patents. Corporate patents (type no. 4) are those owned by a company where no inventor has a professor title on the patent document. Although a consistency check on firm homepages analogous to the one for academic patents was not possible the probability of randomly finding an academic inventor on a company-owned patent is low because the share of patents with an academic background was only 5.9 % overall in 1999, the year with the most academic patent applications until today (cf. Schmoch 2007, p. 5) .
It is important to stress that the patenting activity of academics is focused on distinct technologies and differs from the technology focus of corporate researchers. This implies that some patent classes are exclusively served by academics and vice versa. However, in order to keep cross-institutional collaboration patents in our sample and to minimize the influence of technological differences, we had to match the patents by class. Hence, we investigated only patent classes/technologies including corporate as well as academic inventors. The distribution of patent classes in our dataset thus differs from the general distribution. This procedure resulted in a new dataset with 2 9 967 = 1,934 patent applications, which are divided into four different types of collaboration according to the features described in Table 1 .
We add dummy variables for all the types of ownership. Company assignment will be the reference category in the regressions.
Variables
By defining patents as 'collaborative'-using the number of inventors (two or more)-we apply a very broad definition of collaboration. It includes three different types of collaborations: partners who had to cross institutional borders (university-industry collaborations), partners who had to cross organizational borders [different affiliation but same institution (academic or corporate)] and partners who did not cross any border by belonging to the same affiliation. Because we have no information about the affiliation of our inventors, we had to use such a broad definition. Aiming at gaining insights into external knowledge sourcing, the latter case is problematic because team members of the third type are embedded in exactly the same environment. That is why we discuss in ''Institutional differences in collaborative research: the results'' how the results could be affected by including teams whose members belong to the same affiliation and make econometric robustness checks in order to test our results for this influence.
The postal codes of the inventors are used to display the geographical distribution and to calculate the distances between the inventors. Note that the individuals' home addresses are displayed on the patent documents. Three measures of distance are used in the analysis: (1) the average distance between any of the inventors of one patent in kilometres 1 (DistAv); (2) an ordinal variable categorizing the average distance into classes of less than 20 km/20-50 km/50-100 km/100-500 km/500-1,000 km/more than 1,000 km (DistO-1); 2 (3) an ordinal variable (DistO-2) taking the value one for the same or neighbouring two-digit postal code (regional collaboration), two for non-neighbouring two-digit postal codes (national collaboration) and three for collaborations in which one or more inventors are located outside Germany (international collaboration). In other words, the ordinal variable measures regional, national or international collaboration. We regard the collaboration crossing the largest distance as most important and thus additional regional or national collaboration (patents with more than two inventors) is not taken into account by DistO-2. This issue concerns 4 % of the data. The choice of this postal-code level is similar to sizes in other regional studies, e.g. Hoekman et al. (2010) used NUTS2 regions (which are somewhat larger than two-digit postal-code areas) to investigate the share of regional collaboration. The values of the first distance measure (DistAv) are rounded to integers and truncated at the bottom at 2 km, because the underlying assumption is that two inventors with the same postal code do not live in the same house, which a distance measure going down to zero would imply. Both the second (DistO-1) and the third (DistO-2) distance measure reflect categories of different distances, but with two distinct approaches. This is required to make particular cases of co-operation of distance visible. For instance, an international collaboration can be quite near in terms of kilometres if both inventors live near to the state border. In this case, only the third distance measure makes such co-operation visible as an international one. The same is true for reverse cases like long-distance co-operations in one country. Because they can exceed the distance of international co-operations in kilometres, only the third distance measure categorizes them as a national co-operation. Using different types of categorization will show whether the results are robust or sensitive to the selection of categories.
Beside the definition of types of collaboration, some control variables were included. Firstly, the patents were assigned to five broad industries (on the detailed level: 19 industries, see Table 5 in the Appendix) according to the concordance developed by Schmoch and colleagues (current version of the concordance published in Schmoch et al. 2003) . Secondly, the number of inventors was included because more inventors make it more likely that there is a long distance between two of them. Lastly, the size of the patent family (famsize), i.e. the number of countries in which IP protection is sought, was added as a proxy for the quality of the patent (cf. Harhoff et al. 2003) . Table 2 gives an overview of the variables of the model. There is no significant correlation between the independent variables. All three of the distance measures will be used to estimate models analysing the influence of the institutional background on the inventors' propensity to collaborate over distance (including the control variables listed in Table 2 ). The first distance measure (DistAv) consists of integers truncated at the bottom. These data show overdispersion, making a negative binomial model adequate. The other two measures (DistO-1 and DistO-2) are ordinal data, which can be best exploited with ordered logistic regression. All the independent variables can be included since there is no multicollinearity between them.
Descriptive statistics
The descriptive statistics in Table 3 give a first hint of the differences in collaborative behaviour of academic and corporate inventors. The average distance of purely corporate teams is almost twice as high as that of purely academic teams. In general the average distance of academic teams of 112 km is quite low compared with other institutional types of inventor teams (corporate 243 km, mixed 283 km). Additionally, 80 % of the purely academic patents are regional collaborations whereas it is just 65 % for corporate and only 52 % for mixed teams. This is in line with our theoretical discussion stating that academics are more likely to choose partners in their close environment, which is expressed in a smaller distance between members of purely academic teams. The regression results in the next section will support this impression.
Overall, the descriptive results already show that most of the collaborations for patents take place at a regional rather than at a national or even an international scale. The share of international collaborative inventions and those over really large distances ([1,000 km) is low. The existence of MNEs is not reflected in a high absolute number of international teams-but relative to patents with academic involvement, international collaboration takes place almost twice as often. When comparing the amount of international collaboration with the respective findings of Picci (2009 Picci ( , p. 1075 , it is much higher. He found around 1 % of international pairs of inventors. This is certainly due to the distribution of industries in combination with the overrepresentation of chemistry and instruments in our sample. However the amount of regional collaboration is higher than in the data of Hewitt-Dundas (2012 ; Table 1 ), where businesses collaborate with universities at \100 miles same often than with those at[100 miles. However, Hewitt-Dundas does not use patent data and thus the numbers are not directly comparable. The regressions in ''Institutional differences in collaborative research: the results'' show that inventors in different industries collaborate over different distances. The distribution of industries in our data set does not show a time trend.
The size of the patent family differentiates strongly between the different types of inventor teams. The lowest size occurs in the group of purely academic patents (1.02; i.e. the patent seeks protection on average in Germany and one other country) and in the group of individually signed patents (1.44). The highest size occurs in the group of corporate patents (3.3) and mixed teams (2.68) that also include firms. The literature on patents stresses that patenting is often a strategic activity to secure new knowledge in order to gain market advantages in a competitive environment (for motives to patent cf. Blind et al. 2006) . Hence, strategic patenting is an activity of firms and the more markets a firm aims at, the larger the patent family is. Due to strategic reasons firms create large patent families, which is not necessary for academics. Additionally, firms have greater financial resources and can better afford the assignment in more than one country. The high number of patents filed by individual persons is explained by the former German 'professors' privilege', which until 2002 guaranteed every professor the intellectual property rights on inventions stemming from his or her research. Hence, professors who did not have adequate industry contacts (or wanted to commercialize a patent on their own) could file patents in their own name.
Institutional differences in collaborative research: the results
Regional, national and international knowledge sourcing
The theory developed above led to the preliminary conclusion of institution-specific behaviour of knowledge sourcing. The following empirical part will give further evidence on whether corporate researchers overcome larger distances in order to gain access to knowledge than academics. At first, we take a general look at our data in order to analyse the importance of regions and nations in scientific collaboration relationships.
Our data reveal regional collaboration to be the most frequent case when a patent is invented by a team of inventors (cf. Figs. 1, 2 ) and crossing national borders is rather an Fig. 1 Shares of regional, national and international collaboration of corporate and purely academic inventors Fig. 2 Shares of regional, national and international collaboration of mixed inventors and inventors of patents filed by individuals exception in patenting teams. Actually, though, the model of local knowledge partnerships is declining over time. Figure 1 shows a slightly negative trend of the share of regional collaboration in the case of purely academic as well as purely corporate patents (significant at the 5 % level). This finding points to a trend of decreasing local knowledge sourcing and is in line with the findings of Singh (2008, p. 86 ; for the largest US companies) as well as Johnson et al. (2006, p. 31 ; for US firms collaborating in the US). Regarding corporate patents, this could be explained by the trend of decentralizing R&D activities within MNEs and the globalization of knowledge sourcing (cf. Gassmann and von Zedtwitz 1999) . The originally large number of local patents displays the former centralization of R&D at headquarter sites at this time. As mentioned in the theoretical part, corporate as well as academic research faces similar challenges in a globalized reflected in a similar tendency to engage increasingly in partnerships beyond the regional level. The other curves do not exhibit a significant trend.
Of course, our ordinal distance measure depends on the definition of 'regional'. By using neighbouring two-digit postal-code areas we use a very broad definition, as explained above. However, the findings are in line with those of Hennemann et al. (2012, p. 10) for team publications between authors from different organizations. They find that up to a radius of 100 km the likelihood of collaboration is much higher than for far distant researchers. In addition, their data show a similarly low level of international collaboration. A second study with similar results regarding the share of regional collaboration is the one by Hoekman et al. (2010) , in which according to the research area 56-93 % of co-authored papers (at least two organizations involved) are regional and 3-23 % are international collaborations.
As mentioned in the theoretical part, we control our results of purely academic and corporate teams by analysing a mixed group consisting of at least one academic inventor and assigned by a company. The results in Fig. 2 (left) show the share of regional collaborations as the smallest for the group of mixed teams. The descriptive statistics already revealed that only 52 % of the mixed team patents stem from regional teams; 42 % are national collaborations.
However, the number of inventors in mixed team patents and the share of international collaborations do not exceed that of purely corporate patents. Hence, mixed teams show systematically a higher share of national and a smaller share of regional collaborative partnerships. In the next section, we will deepen this discussion, because the regression results show similar results.
This section showed how huge the local share of knowledge over all types of collaboration still seems to be even though it has been declining for many years, reflecting the globalization process in science. However, the amount of local collaborations differs according to the institutional background. As a preliminary finding we can say that an institutional factor concerning the importance of the regional and national levels in collaborative inventor teams does exist.
Distances between inventors
The following section contains regressions investigating the distances between members of institutionally different inventor teams. From the theoretical discussion we know that a different institutional background as well as different types of technology determine the distance between team members, because they influence the characteristics of a team and thus indirectly the importance of space. In order to control for the type of technology, we matched the patents concerning their patent class.
The following table displays the regression results for all three of the distance measures. The results are quite stable in the models, meaning that regardless of which distance measure we use, we obtain similar results. The only exception is a slight trend over time displaying a decrease in regional collaborative partnerships, which is not significant in the negative binomial model (Table 4) .
The most important result of the regressions is that the spatial distance between the three types of research teams is significantly differentiated. The significant coefficients for pure univ. and mixed represent a difference to the basic category corporate. This is true for all of the three models and thus for all the types of distance measures (DistA, DistO-1, DistO-2). Hence, our first hypothesis is confirmed. Regarding our second hypothesis our results show that if solely academics collaborate, the average distance between the team members is significantly lower than in the case of pure corporate inventor collaboration (significantly negative coefficient for pure univ.). Hence, purely academic teams have higher sensitivity to distance between their team members in innovation projects than purely corporate teams, confirming our second hypothesis. With regard to our theoretical discussion, the reason that is most likely is the more complex and uncertain tasks basic research sets, because they make personal and face-to-face interaction more necessary. A second reason could be the higher likelihood that collaborative partnerships will take place in a nearby environment as a consequence of personal relationships developing usually on Significance: ***/**/* refers to alpha = 0.1/1/5 %. N = 1,934; r.dev residual deviance
The dependent variable in Model 1 is the average distance between inventors (DistA), in Model 2 it is the seven distance categories (DistO-1) and in Model 3 it is the distinction between regional, national and international collaboration the basis of much personal and unintended interaction. This is actually limited to distances of the same office, the same corridor or the same floor (Kraut et al. 1988 ) and thus belongs exclusively to teams of the same affiliation. The share of patents with short-distance collaboration 3 (\20 km) is quite high for academics (pure univ. patents) while it is much lower for the other three types of inventor teams (cf. Table 3) . A third reason is the greater freedom of academics to choose their partners (bottom-up approach), while in companies, patenting collaboration takes place to a large extent top-down, i.e. managers will ask the R&D employees to collaborate with selected partners (in large companies often within the company, e.g. at another operating site). explain the descriptive results regarding the increased sensitivity to distance between members of academic teams, i.e. the reduced propensity to engage in distant partnerships.
Of course, industries are different because their inventor teams have different aims and require different resources to invent and perform in institutionally different structures. We tested the influence of belonging to a certain industry on the propensity to collaborate over distance. Referring to the industry category 'others' we found that chemistry and instruments are industries in which inventors collaborate over larger distances. For mechanical engineering, the coefficient is only significant in the first model. To check how strongly the results depend on the level of industry aggregation we repeated the regressions with the finer classification of Schmoch in the appendix (see Table 6 ). The results remained largely the same. Overall, despite some differences between the models, the results disclose that the propensity to collaborate over larger distances differs between industries in addition to the institutional context. Note that the assignment of patent classes to industries affects the industry effects in the models. For a detailed industry analysis this issue needs attention. For the paper at hand, however, the industry effects are not main focus.
Due to our broad definition of collaboration (see ''Variables''), we included teams whose members belong to the same affiliation and thus do not overcome distances. This could be problematic, because if one of the defined groups includes more in-house teams than the other, that group automatically shows a higher sensitivity to distance. The study at hand does not focus on external knowledge sourcing only, but primarily on the influence of the institutional background. Hence, we decided not to exclude in-house teams in the first place, because they could be a result of a specific institutional background. The theoretical discussion and the descriptive statistics show this to be the case for academic teams. To check the robustness we repeated our regressions with distances exceeding 20 km only (unfortunately, some local collaborations with neighbouring organizations will be excluded as well). Table 7 in the appendix offers the regression results for all three of the distance variables. Now, however, patents filed by individuals exceed purely academic and purely corporate collaboration in terms of distance. Assuming that individually filed patents exhibit strong self-motivation and low risk aversion, this group represents individual academics who are successful in collaborating over long distances. Certainly, the social network of these professors plays a critical role in these cases. A case study on such inventions would give deeper insights but is beyond the scope of the paper at hand.
The most interesting point is the change in the group of academics (pure univ.). The significances of that group become lost, entailing that the distance between academic team members is not differentiated from that between corporate team members any longer. Hence, once the border of the own affiliation is crossed, academic and corporate teams have the same sensitivity to distance. This is no surprise in view of the fact that academic as well as corporate researchers face the same challenges of a changing research environment and deepen their relationships due to an increasing number of cross-institutional collaborations. However, that does not reduce the importance of the institutional background at all. The loss of the significances reveals that 50 % of the academic collaborations are either local partnerships or even in-house teams, which is to this degree a specificity of purely academic collaborations. This supports our theoretical assumptions academics have a tendency to prefer partners from their direct environment. In addition, we find a distinctively higher share of international collaboration among corporate inventors compared with teams with academic involvement (overall 9 % vs. 2-6 %). Hence, our method to keep in-house teams in the sample in the first place was correct, because otherwise this institutional specificity could not have been discovered.
As expected, all three of the regression models reveal a significant relationship between famsize and distance. The last significant measure in our models is invcount. This measure shows a significantly positive relation between the distance and the number of team members. Basically, invcount reveals that the more members a team has, the higher is the likelihood of a distant member being included.
Cross-institutional invention teams
A surprising finding of our empirical study is the fact that the largest distances can be found in mixed teams. This finding is not in line with the study of Ponds et al. (2007) , who found smaller distances in cross-institutional collaborations in order to compensate for the reduced institutional proximity. However, all types of collaboration show rather low distances, i.e. mixed teams show largest distances on an overall low level of distances. The long distance in our mixed teams is in line with studies that found university-industry collaborations to be strategic partnerships very often (see ''Proximity and distance in academic and corporate research''). These partnerships imply a very distinct choice of partners (fitting the strategy and customer needs), which minimizes the probability of finding collaboration partners in a nearby environment. The interesting question in order to gain insights into the importance of space in these partnerships is the reason why the institutionally different partners decided to collaborate over greater distances.
The first reason for the long distances in our mixed team group could be the increasing funding and support of university-industry co-operations by political programmes (see Sect. 2.2). This support can change the conditions for a team greatly in terms of increased resources, better access to partners due to a common political framework and a changed task because of programmatic goals. Funded teams can be overrepresented in the group of mixed teams and due to the changed team attributes they are most likely to display large distances between team members.
Secondly, as mentioned in the theoretical section social or cognitive proximity is a strong trigger for collaborative partnerships and in cases of very close proximity can substitute spatial proximity (Boschma 2005) . This effect underlies repeated partnerships in which high proximity between the partners is given due to former projects (Goerzen 2007) as well as collaborations in which partners know each other from former times (Breschi and Lissoni 2001) . Hence, an underlying partner network causes the choice of partners, (almost) regardless of where they are in space.
The third reason could be that especially when firms look for academic partners due to scientific reasons (aiming at a basic innovation, profiling as a firm with high research standards, etc.) they have the tendency to pick partners with a high reputation (Adams et al. 2005; Gittelman and Kogut 2003) . If scientific centres of research are located elsewhere than the concentration of the industry, the distance between partners will increase automatically. For some industries in Germany a spatial split between the centre of research and the actual concentration of an industry does exist (Berghoff et al. 2009 ). Patents of the chemical industry featuring the highest distances between team members and being the largest group in our sample were selected in order to detect whether social network or industry-structural patterns are influential here. We mapped all the mixed patents of the chemical industry with two inventors in Germany to obtain a more detailed picture of the inventor relationships. Figure 1 shows a concentration of academic inventors in Freiburg, Marburg and Göttingen, while corporate inventors prevail around Heidelberg and in the Rhine-Ruhr region. The only 'collaboration corridor' due to industry-specific structures of location occurs along the Rhine. Most of the long-distance partnerships appear to be very different regarding the direction and places they bound. One can deduce now that most of the partnerships in the chemical and pharmaceutical industry are social-network reasoned partnerships, because they do not follow distinct industry-spatial paths. However, the map confirms again the high number of regional collaborative partnerships in science (Fig. 3) .
Conclusion
The paper at hand analysed how the institutional background of inventor teams influences the sensitivity to distance between their team members, distinguishing between two types of institutions: university and industry. We assumed that the institutional characteristics influence the propensity of inventors to include distant colleagues in the inventor team. Regarding an increasing political investigation into university-industry links and a rising number of crossinstitutional collaborations in general, a deeper understanding of institutional differences in scientific research is required. Our study offered a theoretical discussion on the similarities and differences between academic and corporate research environments. On the basis of 1934 patents covering a time period from 1993 to 2006 (priority country Germany) we found that indeed the institutional background has an impact on the distances between their members inventor teams are able or willing to manage. Additionally, we found the distance between members of purely academic teams to be significantly smaller than that of purely corporate or mixed (patents of university-industry collaborations) teams. Interestingly, once the affiliation border is crossed academic and corporate teams do not differentiate spatially any longer. These two main results carry valuable implications for cross-institutional collaborations. Firstly, whether institutional, organizational and spatial borders can be crossed strongly depends on the characteristics of research projects and a positive match of corporate partners. Our study revealed that this, beside the academic-corporate dichotomy of the institutional background, is also a question of industries. Secondly, we could show that once regional and affiliation borders are crossed academic teams are able to overcome the same distances as corporate teams. This finding implies that the institutional background is not a priori a facilitator of or a barrier for researchers engaging in cross-organisational research projects at a national or international level. The identical ability of researchers in different institutional contexts to engage in cross-institutional projects is a prerequisite for the development of cross-institutional collaborations since mixed teams overcome the largest distances between their members in our sample. Thirdly, the process of deepening university-industry relationships at least in some industries is confirmed in our study from a geographical perspective because all types of collaborations have the tendency to collaborate regionally less often over time.
Of course, the study at hand has some limitations. Due to the available data it is not possible to include further inventor or firm characteristics, which certainly have an impact on the ability to overcome distance as well. In addition, we focus on Germany and cannot say whether cultural differences would lead to different results in other countries. However, we contributed to the research on invention collaboration by investigating the relationship between the institutional background and the spatial dimension of team work. Significance: ***/**/* refers to alpha = 0.1/1/5 %. N = 1,934; r.dev residual deviance Significance: ***/**/* refers to alpha = 0.1/1/5 %. N = 1,934; r.dev residual deviance
